To test for retrospective effects of sucrose ingestion in the anticipatory contrast procedure, 4 experiments examined intake of an initial 0.15% saccharin solution as a function of the unsignaled interspersing of days in which the 2nd solution was 32% sucrose or 0.15% saccharin. In Experiment 1, rats that received alternating saccharin-saccharin days and saccharin-sucrose days drank less saccharin on saccharin-only days, and on both days they drank less saccharin than a control group that received saccharin only. In Experiment 2, rats that received randomized saccharin-saccharin and saccharin-sucrose days drank less saccharin if, and only if, a sucrose day preceded. Experiments 3 and 4 used double and quadruple alternation of saccharin and sucrose days to examine persistence of the effects of a sucrose day. The results highlighted a retrospective carryover effect of sucrose that reduced intake of the initial saccharin solution and apparently was based on sucrose memories persisting over days.
The phenomenon of negative anticipatory contrast is well established (Capaldi & Sheffer, 1992; Flaherty & Checke, 1982; Flaherty & Rowan, 1985; Lucas & Timberlake, 1992) . Rats receiving daily brief access to a saccharin solution followed closely by access to a preferred sucrose solution drink less saccharin than rats receiving saccharin followed by no additional solution, water, or a second saccharin solution. Both prospective and retrospective explanations (Roitblat, 1987) for the reduced saccharin intake commonly assume that the taste of the current saccharin solution is compared with some reminder of the sucrose solution. The resultant devaluation of the saccharin solution is assumed to reduce saccharin intake relative to that of a control group receiving no sucrose. In a prospective view, the reminder of sucrose is presumed to be a conditioned representation of the anticipated sucrose solution acquired through repeated pairings of the saccharin presentation and the context with subsequent sucrose ingestion. In a retrospective view, the reminder is the memory (or possibly an unconditioned satiation effect) of the previous day's sucrose ingestion.
Researchers favor the prospective conditioning explanation because of findings that are easy to explain prospectively but difficult to explain using only a retrospective process. For example, the reduction in saccharin intake has been shown to be inversely related to the interval between the saccharin solution and the sucrose solution. As the interval increases from 15 s to 30 min, the reduction in This research was supported by National Institute of Mental Health Grant 37892.
Correspondence concerning this article and reprint requests should be addressed to either William Timberlake or Marianne Engle, Psychology Department, Indiana University, Bloomington, Indiana 47405. Electronic mail may be sent via Internet to timberla@ucs.indiana.edu. or mengle@ucs.indiana.edu. saccharin intake decreases (Flaherty & Checke, 1982; Flaherty, Grigson, Checke, & Hnat, 1991; Lucas, Gawley, & Timberlake, 1988; Lucas, Timberlake, Gawley, & Drew, 1990) . This result relates well to the prospective conditioning view in that the farther away the subsequent sucrose solution is, the weaker its conditioned representation and, thus, the smaller the devaluation of the current saccharin solution and the less the decrement in intake. In contrast, a retrospective view has difficulty explaining why the memory of yesterday's sucrose solution (approximately 24 hr ago) should vary in its effect over a few minutes difference in the recall interval (e.g., 23.5 hr vs. 24.0 hr).
Despite the face validity of such arguments for a prospective account and against a retrospective account, these arguments in no sense rule out the existence of retrospective effects; they simply argue that retrospective effects are not sufficient to explain some results. The purpose of the present research was to test directly for the possibility of retrospective effects of sucrose ingestion in the absence of the potential masking effects of differential prospective cues. To this end, we examined the effects on intake of the initial saccharin solution of interspersing saccharinsaccharin (SA-SA) days and saccharin-sucrose (SA-SU) days in the absence of environmental or taste cues predicting the nature of the second solution. Experiment 1 tested the effects of strictly alternating uncued SA-SA and SA-SU days. Experiment 2 randomized SA-SA and SA-SU days to ensure elimination of possible predictive cues and removed odor as a potential predictive cue. Experiments 3 and 4 double and quadruple alternated SA-SA and SA-SU days to determine if sucrose effects accumulate with successive SA-SU days and continue over days without sucrose. The length of the last two experiments also allowed us to evaluate the potential contribution of processes, such as intermittent reward conditioning, that are relatively slow to develop.
General Method

Subjects
The subjects for all experiments were naive female SpragueDawley albino rats, that were bred at Indiana University and were 90-120 days old at the beginning of the experiment. They were housed singly in home cages measuring 24 cm in length X 19 cm in width X 18 cm in height. The back and side walls were made of stainless steel sheeting, while front and bottom of the cages were made of stainless steel wire mesh. The cages were housed in a standard double lab rack, with 30 cages per side, 6 cages per row, and ad lib water available through a spigot at the back of the cage. The colony was maintained on a 12-hr light-dark cycle. The rats were maintained at 85% of their initial free-feeding weight by feeding them a reduced ration of Purina lab chow approximately 90 min after they were tested each day. On days that sucrose was ingested, their ration was reduced further to keep their body weight constant.
Apparatus
Each day rats were weighed and their cages were transferred to a rack with wheels for transportation to the experimental room. Experimental solutions were presented in standard 50-ml chemistry beakers that were open at the top. Each beaker was placed in a metal holder slanted at 40° for ease of access by the rat. The holder was mounted to an aluminum plate that could be slid over the inside front of each cage. Waxed paper underneath each cage preserved any spills, which were later retrieved with a syringe, measured, and subtracted from total intake for the appropriate rat. Most rats spilled infrequently. A few spilled more frequently but their incidence was not related to their group. The room was lit with a dimmed incandescent light. A fan-driven ventilator system provided masking noise.
Procedure
Pretraining. On Days 1 and 2, subjects were transported from the colony to the experimental room to accustom them to the transport procedure. On Days 3-6 all rats received access to 0.15% saccharin solution for 10 min. Prior to the first saccharin exposure on Day 3, all subjects were exposed to the saccharin solution by applying it to the mouth with a plastic syringe. At the beginning of each subsequent session of pretraining, rats drinking less than an average of 0.4 ml on the previous day were exposed again to saccharin using the syringe. At the end of pretraining, the 20% of the rats ingesting the least saccharin were discarded (usually 6 out of 30), and the remaining rats were randomly assigned to experimental groups that were equated for their saccharin intake on the final day of pretraining. In almost every case, this procedure eliminated those rats not drinking more than 0.4 ml of saccharin by the last day of pretraining.
Experimental sessions. During the experimental sessions, rats were weighed each day, placed in their cages on the transport rack, and moved to the test room. After a 10-min adaptation period, rats received 12 ml of 0.15% saccharin solution for 5 min. After removal of the saccharin and a 15-s delay, rats received 12 ml of either 0.15% saccharin solution or 32% sucrose solution for 5 min. Rats were left alone in the test room for 10-15 min (while the drinking results were compiled by the experimenter). Rats were then returned to the colony room and fed 90 min after they left the test room. Each experiment took place at a specific time of day, plus or minus a maximum of 30 min. Different experiments started at times between 11 a.m. and 4 p.m.
Test solutions. Saccharin and sucrose solutions were mixed every 4 to 6 days and refrigerated at 4 °C until they were measured out each day. Saccharin solution was mixed from a 2.33% stock solution (Pillsbury Sweet-10) diluted with tap water to 0.15% saccharin. Sucrose solution was mixed from cane sugar and tap water to form a 32% solution by weight. In previous experiments, the use of tap water or distilled water made no difference.
Experiment 1
Experiment 1 strictly alternated SA-SU days (0.15% saccharin followed by 32% sucrose) with SA-SA days (0.15% saccharin followed by 0.15% saccharin). If a retrospective decremental effect of sucrose were to occur (referred to here as decremental carryover), the rats should ingest less of the first saccharin solution on SA-SA days because of the preceding sucrose day. Decremental carryover could be due to either a devaluative comparison of memory of the previous sucrose solution with the current saccharin stimuli or to a persisting unconditioned satiating effect of the previous sucrose ingestion. In either case, because it requires only the memory of a preceding trial, carryover should emerge completely and rapidly within the first several presentations of sucrose after the animals adapt to the experimental procedures. If, despite our efforts to minimize available cues, a specific prospective conditioning effect occurs accurately anticipating sucrose days, the animals should show the reverse effect, taking in less of the first saccharin solution on SA-SU days. If no carryover or differential prospective conditioning occurs, then the intake of the first saccharin solution should be the same on SA-SA and SA-SU days.
In addition to testing for a specific decremental carryover effect of sucrose on intake of the first saccharin solution the following day, Experiment 1 also tested for a general decremental effect of intermittent sucrose on saccharin intake on all days. Both prospective and retrospective stances can generate the prediction that saccharin intake on both SA-SA and SA-SU days should fall below that of a control group receiving only saccharin days. The prospective prediction is based on the assumption that the pairing of saccharin presentation cues and the context with intermittent sucrose ingestion gradually conditions a general anticipation of sucrose. Such a general anticipation should devalue saccharin each day, and, thus, reduce its intake equally on both days. The retrospective prediction is based on the assumption that the memories or satiation effects of previous sucrose ingestion persist in sufficient strength to reduce saccharin intake on SA-SU days as well as SA-SA days.
Presuming that a general reduction in saccharin intake occurs, it may be possible to distinguish between prospective and retrospective accounts on the basis of the speed with which a reduction in intake emerges. It is possible that a general retrospective effect might occur almost immediately on the basis of memories or satiation effects of only one or two sucrose experiences. In contrast, a general prospective effect that is based on conditioning should emerge more slowly because of the intermittent (50%) reward. Any developing anticipation of sucrose would be extinguished regularly the following day.
Another method for distinguishing prospective and retrospective accounts of a general decrement in saccharin intake (as well as a means of clarifying the basis of any specific carryover effect) is to compare intake of the second saccharin solution on an SA-SA day with intake of the second saccharin solution in the control group. The general prospective comparison account depends on conditioning a representation of the sucrose solution to cues associated with the saccharin presentation and the context. Such cues should be present for the second saccharin solution as well as the first and, thus, should also predict a reduction in intake of the second saccharin solution relative to the control. The same prediction is generated by the retrospective carryover account based on the persistence of satiation phenomena following previous sucrose ingestion.
In contrast, if the carryover mechanism is memory based and involves comparing the second saccharin solution with a combination of the taste cues of previous solutions weighted by their temporal distance and intensity, then decrement in intake should occur primarily for the first saccharin solution rather than the second. The first solution would be compared with 1-day-old memories of sucrose and saccharin in which the sucrose solution should dominate. However, the second saccharin solution would be compared with the same 1-day-old memories combined with a saccharin memory that is only a few seconds old. The saccharin memory should be dominant because of its temporal proximity, and any comparison should produce little or no devaluation of the second saccharin solution.
Method
Twenty-four rats were assigned to two groups of 12. The alternation group received 5 min of access to a 0.15% saccharin solution each day followed 15 s later by 5 min of access to either 0.15% saccharin (on odd days) or 32% sucrose (on even days). The control group received only the sequence of two 0.15% saccharin solutions on each day. The control group was always tested immediately after the alternation group, and the experiment lasted 24 consecutive days.
Results and Discussion
The mean intake of the 0.15% saccharin solution for the first drinking period across blocks of days is shown in the upper panel of Figure 1 . Each block for the alternation group is the average intake of 2 consecutive SA-SA (odd) days or SA-SU (even) days. Intake averages across 4-day blocks were calculated for animals in the control group (even-and odd-day blocks did not differ and were combined in the figure). Differences in saccharin intake across groups and conditions were assessed by an analysis of variance (ANOVA) over all blocks of training.
The significance level for all statistical tests was set at .05. The results showed a significant increase in ingesting the first saccharin solution over trial blocks, Blocks of Days Figure 1 . The upper panel shows mean intake of the first 0.15% saccharin solution in Experiment 1. Filled squares represent intake across blocks of days for the control group, which received only saccharin (Sacc) every day. Open circles represent intake for the alternation group by blocks of days when sucrose followed. Closed circles represent intake for the alternation group by blocks of days when saccharin followed. The lower panel shows mean intake of the second 0.15% saccharin solution by blocks of days for the alternation group (filled circles) and control group (filled squares) and mean intake by blocks of days of the sucrose solution by the alternation group (open circles). Error bars not shown were smaller than the symbol size.
saccharin intake was reduced significantly for the alternation group relative to the saccharin-only control, F(l, 22) = 18.0; the intake of saccharin was significantly lower on SA-SA blocks than SA-SU blocks (odd vs. even SA-SA blocks for the control group), F(l, 22) = 17.1; and there was a significant Group X Day Type interaction, F(l, 22) = 29.6. Scheffe tests showed significantly suppressed saccharin intake on SA-SA days relative to SA-SU days for the alternation group. Intake of saccharin in the control group did not differ by type of day (odd vs. even blocks of SA-SA trials); moreover, the control group ingested more saccharin than the alternation group on both SA-SA and SA-SU days. A second set of Scheffe tests revealed that the differences between the alternation and control groups emerged during the second block of days. The lower panel of Figure 1 shows the mean intake of the second solutions presented each day (0.15% saccharin and 32% sucrose) across trial blocks. ANOVAs and Scheffe tests showed significant effects of group and type of day, Fs(l, 22) = 46.7 and 175.4, respectively, and a significant Group X Day interaction, F(l, 22) = 189.0. Most important, a Scheffe test showed no discriminable difference in the intake of the second saccharin solution by the alternation group and the control group.
A major finding in these data was the decrement in intake of the first saccharin solution on SA-SA days relative to SA-SU days. Thus, in an uncued alternation procedure that attempted to minimize cues that differentially predicted sucrose days, intake of the first saccharin solution beginning with the first trial block was lower on days following sucrose ingestion than on days preceding sucrose ingestion. Such an effect provides strong support for a retrospective carryover process. Further support was provided by the early emergence of the decremental effect (see the first block of trials in Figure 1 , top panel).
These results are not compatible with the conditioning of a specific prospective anticipation of sucrose days. If some environmental or procedural cues still differentially predicted sucrose days despite our efforts to eliminate the cues, the results should have been a slower emergence of an effect that was the reverse of the one observed (e.g., Flaherty & Rowan, 1985) . Intake of saccharin on SA-SU days should have been lower than intake on SA-SA days because of the conditioned devaluation of the first saccharin solution on SA-SU days. In the context of a decremental carryover effect, the emergence of a prospective effect should have erased or reversed the differences shown in the top of Figure 1 .
A second finding of interest was the failure to find a decrement in intake of the second saccharin solution on SA-SA days for the alternation group relative to the saccharin-only control group. This finding argues against the emergence of a general prospective conditioning effect, and it also distinguishes among the two potential retrospective processes producing decremental carryover. From the general prospective view, if a saccharin presentation cue or the context had become a conditioned elicitor of a representation of the sucrose solution, based on intermittent pairing, comparison of these conditioned cues with the taste of the second saccharin solution should also have devalued it and produced a decrement in its intake. No such effect appeared.
We could argue that the failure to find a difference in ingestion of the second saccharin solution occurred because the intake of the control group was lower than expected due to their ingestion of a larger amount of the first saccharin solution. As appealing as this argument may be, it would seem to require that the intake of the second saccharin solution by the alternation group be initially higher than that of the control group, dropping slowly toward the control group as intermittent conditioning of the general anticipatory process and devaluation occurred. The data do not support this conclusion.
From the retrospective view, the absence of a difference in intake of the second saccharin solution also argues against the hypothesis of a general persisting satiation effect of sucrose ingestion. Any satiation effect should have been present for the second solution as well as the first. However, the finding of no difference follows readily from a retrospective weighted-memory hypothesis in which the rats compared the second saccharin solution with a time-and incentive-weighted average of the previous day's sucrose solution and the current day's previous first saccharin solution. The proximity of the current day's saccharin cues presumably dominated the comparison process, thereby providing no contrast with the second solution. Thus, the intake of the second saccharin solution supported a weighted-memory process of comparative devaluation.
The third finding was that the presentation of sucrose on 50% of the days produced a general decrement in intake of the first saccharin solution on both SA-SA and SA-SU days relative to that of a saccharin-only control group. This effect also is compatible with a retrospective weighted-memory model provided the memory of sucrose persisted over more than a single day. At first glance, the general reduction in intake of the initial saccharin solution in the alternation group appears compatible with a general prospective conditioning effect based on intermittent pairings of saccharin presentation cues and the context with sucrose ingestion. However, two facts argue against this apparent compatibility. First, as outlined above, there was no decrement in intake of the second saccharin solution, an effect expected on the basis of a general conditioned anticipation of sucrose. Second, the general decremental effect emerged by the second 2-day block (see Figure 1 , top panel), which was rather early for an intermittent reinforcement effect. The best candidate for this effect may be some combination of a weighted-memory model and the circadian conditioning of food anticipation, which also can be a rapidly emerging effect (Mistleberger, 1994) .
Experiment 2
Experiment 1 provided strong evidence for a differentiated retrospective decremental carryover effect of sucrose ingestion in decreasing intake of the first saccharin solution on the following day. Experiment 1 also showed a general decremental effect of sucrose presentation on ingestion of the first saccharin solution on both SA-SA and SA-SU days relative to the saccharin-only control but no effect on intake of the second saccharin solution on SA-SA days relative to the control. A retrospective account of these effects presumes that each saccharin solution is compared with a timeand incentive-weighted combination of past solutions to determine its attractiveness.
The purpose of Experiment 2 was to replicate the specific carryover effect of sucrose shown in Experiment 1 while controlling several potential differential conditioning cues that might have contributed to responding. Note that these potential prospective cues could not explain the basic carryover finding of Experiment 1 because their potential effects would have been in the wrong direction, decreasing intake on SA-SU days rather than SA-SA days. However, it is conceivable that such differential prospective cues might have reduced the size of carryover for the first saccharin solution. Thus, though Experiment 1 revealed no conclusive evidence for the contribution of any form of prospective conditioning to the ingestion of saccharin, it seemed important to examine this issue more carefully.
Two potential types of differential prospective cues existed in Experiment 1. First, our technique of switching solutions allowed the possibility that cues differentially associated with the presentation of the sucrose solution on a SA-SU day could have served as predictive cues for those animals that were still drinking saccharin. Because the solutions were changed sequentially, 1 animal at a time (for each animal in turn, the first saccharin solution was removed, and 15 s later the sucrose was inserted), other animals in the rack that were still drinking saccharin might have smelled the sucrose odor or heard a difference in the sounds emitted by the animals that had already been changed to sucrose. On this basis, they might have decreased intake during the last portion of their saccharin access in anticipation of their own upcoming change to a sucrose solution. Such an effect necessarily would have been small, and there is evidence that odors alone are not an effective differential cue in predicting sucrose (Lucas & Timberlake, 1992) ; still, the possibility seemed worth controlling.
Second, the strict alternation of SA-SA and SA-SU days might have provided cues that could form the basis for specific prospective anticipation. For example, Capaldi and Spivey (1964) showed that rats in runway settings are capable of learning to predict the presence or absence of reward on a current trial on the basis of the presence or absence of reward on a preceding trial. In the strict alternation procedure of Experiment 1, perhaps animals eventually could anticipate a SA-SU day based on its correlation with their retrospective memory of no sucrose on the preceding day and a SA-SA day based on its correlation with a retrospective memory of sucrose the preceding day.
The effect of such a mixed retrospective-prospective process should be expressed as a gradual suppression of saccharin intake on SA-SU days in anticipation of the sucrose. When combined with the retrospective carryover decrement shown in Experiment 1, the results should have been a gradual reduction in and, perhaps, reversal of the relative decrement in saccharin intake on SA-SA days. A similar prediction could be made from Capaldi's (1992 Capaldi's ( , 1994 evidence that rats can learn abstract patterns of reward and nonreward.
To remove potential contributions of these prospective cues to the results of our replication of Experiment 1, we made two changes in procedure. First, the possibility of using retrospective cues or sequences of reward as a basis of prospective anticipation was removed by randomly presenting SA-SU and SA-SA days. Random presentation should remove any predictive relation between the last solution on the previous day and the second solution on the next day as well as disrupt the learning of any regular pattern. Random presentation should not, though, interfere with a carryover effect of previous SA-SU days. Second, to control for differential odor and sound cues, we ran an alternation group for which the order of SA-SA days and SA-SU days was counterbalanced by row. Thus, on all days, animals received similar nonpredictive odor and sound cues from nearby rats that had already had their solutions switched.
Method
Twenty-four rats were assigned to two groups of 12. For both groups, the first solution was 0.15% saccharin and the second was either 0.15% saccharin or 32% sucrose. For the random group, the days on which animals received SA-SA versus SA-SU solutions were determined randomly; however, animals were not allowed to receive any set of solutions more than 3 days in a row, and the total number of SA-SA and SA-SU days were equal by the end of the experiment. The alternation group was split evenly into two subgroups that were run together. For both subgroups, SA-SA days strictly alternated with SA-SU days, but one subgroup experienced a SA-SA day while the other subgroup experienced a SA-SU day. In this way, sucrose-related sounds and odors were always present when the solutions were changed and, thus, could not be used by the rats to anticipate which second solution they would receive on a given day. Cart position was varied every 2 days such that a rat's relative position in line changed regularly and could not be used to predict the second solution. Training sessions were run for 24 consecutive days, with the random group always preceding the alternation group.
Results and Discussion
Mean intake of the first saccharin solution across 2-day blocks is shown in the upper panel of Figure 2 for the alternation and random groups. To clarify the carryover effect in the random group, the intake of the initial saccharin solution for days preceded by sucrose versus days preceded by saccharin is plotted and compared with the intake on SA-SA and SA-SU days for the alternation group. Results of ANOVAs conducted over all blocks of training revealed no significant differences in intake of the initial saccharin solution between the alternation and random groups or for type of day. Scheffe tests of the Group X Day Type interaction, F(l, 22) = 113.5, revealed less saccharin intake on days preceded by sucrose for both groups (SA-SA days were preceded by sucrose for the alternation group) than on days preceded by saccharin for both groups (SA-SU days were preceded by saccharin for the alternation group). On days preceded by sucrose, rats in the random group drank less than rats in the alternation group; however, rats in both groups drank similar amounts on days preceded by saccharin. A separate ANOVA including only the random group revealed no effect of whether the current day was SA-SA or SA-SU.
Figure 2 also shows mean intake of the second saccharin and sucrose solutions across 2-day blocks in the lower panel. As in Experiment 1, there was no significant difference between the groups in intake of the second solutions, and rats in both groups drank significantly more sucrose than saccharin, F(l, 22) = 284.6. In summary, the results of both the random and alternation groups showed a decremental carryover effect of SA-SU days in reducing saccharin intake on the subsequent day. The size of the carryover (the difference between intake of the initial saccharin solution on SA-SA days as opposed to SA-SU days) appeared similar to that in Experiment 1 and changed little over trials, suggesting that odor and sound cues, retrospective sucrose cues, and memorization of patterns or reward were not used in a predictive fashion that meliorated the carryover effect. The results for the random group were a particularly powerful demonstration that reduction in intake of the first saccharin solution occurs only following a SA-SU day and that the decrement is independent of the solution type for the current day. Together with the results of Experiment 1, these data argue reasonably strongly for the presence of a retrospective decremental carryover process and against the importance of a differential or general prospective conditioning process in these procedures.
Experiment 3
Both Experiments 1 and 2 showed a decremental carryover effect of sucrose intake apparently based on the comparison of cues accompanying the first saccharin solution with the memory of previous sucrose ingestion. Two aspects of the results of Experiment 1 suggested more explicit characteristics of the mechanisms underlying carryover. The first characteristic has to do with how memories are weighted and combined. The failure of a SA-SU day to decrease intake of the second saccharin solution on the subsequent SA-SA day supported the hypothesis that ingesting each solution contributes to a set of memory cues that are weighted by variables such as taste or calories and that decay in effectiveness with time. Thus, the first saccharin solution on a given day presumably was compared with a compound of cues that were at least 24-hr old, with the dominant cue at that interval being sucrose. The second saccharin solution on a given day presumably was compared with the same 24-hr-old set of cues plus the immediate cues from the first saccharin solution. Because the latter saccharin cues preceded the second saccharin solution by only a 15-s intersolution interval, the saccharin cues were assumed to be most dominant.
The second characteristic of the carryover mechanism suggested by the data was the persistence of the memory of sucrose to at least a 2nd day following the sucrose intake. The general effect of intermittent sucrose presentation in decreasing intake of the first saccharin solution on both SA-SU and SA-SA days relative to a saccharin-only group was most readily interpreted as showing that the effective memory of sucrose persisted longer than a day. It might be thought that such persistence is not compatible with the failure to find suppression for the second saccharin solution on a given day, but such is not the case. As long as the decay rate for saccharin cues is sufficiently faster than the decay rate for sucrose cues, a simple model, in which weighted memories decaying in time serve as a comparative cue, can generate these results.
The main purpose of Experiment 3 was to examine more directly the persistence of the effect of sucrose ingestion in the presence and absence of further sucrose presentations. This experiment used an uncued double-alternation procedure in which 2 successive SA-SA days alternated with 2 successive SA-SU days. This procedure allowed us to gauge both immediate and persisting effects of sucrose presentation. The contribution of Ist-day carryover effects should appear as significant differences in ingestion between the 1st and 2nd days of a particular day type. Thus, ingestion on the 1st SA-SA day should be lower than ingestion on the 2nd SA-SA day because sucrose precedes the 1st day but not the 2nd day. In contrast, ingestion on the 1st SA-SU day should be higher than ingestion on the 2nd SA-SU day because only the 2nd day is immediately preceded by sucrose.
The persistence of sucrose memories across more than 1 day was gauged by measuring the effects of sucrose presentation in decreasing intake of saccharin on subsequent successive days. We tested for an accumulation of the effects of sucrose over successive SA-SU days by comparing ingestion on sequences of the 1st and 2nd SA-SU days followed by the 1st SA-SA day. Accumulation should be shown by an increased decrement in saccharin intake between the 2nd and 3rd days. We tested the possibility of continuation of the effects of sucrose by comparing saccharin ingestion on sequences of the 1st and 2nd SA-SA days and the 1st SA-SU day. Continuation should be shown by an indication of a continued decrement in saccharin ingestion on the 2nd and 3rd days.
A secondary purpose of Experiment 3 was to provide a more thorough examination of the possibility of general (nondifferential) prospective and retrospective effects of intermixing SA-SU and SA-SA days. It may be that, with a greater number of trials, the long-term determinants of responding will become clearer. To this end, we used 56 days of training, over twice as many trials as either of the first 2 experiments. Our procedures again reduced the ways in which prospective conditioning could contribute by counterbalancing sucrose and saccharin days to control for predictive odor and sound cues. In addition, the double-alternation procedure removed the possibility that animals could use retrospective cues from the preceding day as a predictor of the second solution on the current day (Capaldi & Spivey, 1964) . The memory of either a sucrose or saccharin day was followed equally often by both day types.
Three potential prospective conditioning effects remain, all of which were expected to require considerable training to emerge: memorization and tracking of a double alternation sequence of saccharin and sucrose days (Capaldi, 1992; ; a general decremental comparison process that was based on anticipation of sucrose due to intermittent pairing of saccharin presentation cues and the context with sucrose on 50% of the trials; and a general conditioned excitatory process that increases rather than decreases intake, based again on the intermittent pairing of presentation and context cues with sucrose on 50% of the trials. There is previous evidence of a differential excitatory anticipation of reward based on differing taste cues in the anticipatory contrast procedure, but it has not been shown to occur without differential taste and odor cues in the initial solution (Capaldi & Sheffer, 1992; Lucas & Timberlake, 1992; Lucas et al., 1990) . This anticipation seemed worth looking for, though, given the large number of trials and the possible increase in attention to the saccharin solution created by the 50% reward rate that was produced by double alternation.
Provided that a decremental carryover effect continues to occur in the present experiment, the above sequence memorization hypothesis predicts that the greatest reduction in intake of the initial saccharin solution should occur on the 2nd SA-SU day type because the decremental expectation of sucrose should combine with a decremental carryover effect to produce the maximum reduction. The least reduction should be on the 2nd SA-SA day because there is no immediately preceding sucrose day and no immediate expectation of sucrose. The other two day types should show intermediate intake of saccharin that depends on the relative weighting of the decremental influence of the prospective anticipation of sucrose and the retrospective memory of sucrose. On the other hand, if the decremental carryover effect is absent or wanes, intake on both SA-SU days should be lower than intake on both SA-SA days.
The hypotheses proposing general incremental or decremental effects based on intermittent reinforcement of presentation and context cues, predicted a different pattern of results. Because both refer to general processes that do not discriminate among day types, both hypotheses add an equal increase or decrease in intake of the first saccharin solution for all days. As a result, any differences in relative intake across day type most likely will come from the decremental carryover process, as outlined above. If the decremental carryover effect is absent or wanes, both prospective conditioning hypotheses predict equal intake on all day types.
Despite their similar predictions of relative saccharin intake, it may be possible to distinguish these last two hypotheses in two ways. First, the absolute intake of the initial saccharin solution presumably should continue to increase in the case of the excitatory conditioning hypothesis whereas intake eventually should decrease in the case of the conditioned comparison hypothesis. Second, the intake of the second saccharin solution on an SA-SA day should be lower for the decremental comparison hypothesis than for the incremental excitatory hypothesis. As argued before, because the decremental hypothesis is based on comparing the current saccharin solution with sucrose cues conditioned to the presentation of saccharin and the context, then presenting the second saccharin solution also should elicit sucrose cues, and the resultant comparison should reduce intake. On the other hand, because the incremental excitatory hypothesis is based on the anticipation that sucrose will follow and because sucrose never follows the second saccharin solution, any available discriminative cues should prevent the second solution from becoming an excitatory stimulus because it does not predict sucrose.
Finally, the increased number of trials also raises the possibility that the prospective carryover effect will wane because of the gradual accumulation of persisting memories of sucrose ingestion. If these memories are sufficiently strong, the ingestion of sucrose on a particular day would not add enough to the persisting comparison stimulus to allow the animal to differentiate the result from the accumulated memories of sucrose present following an SA-SA day. The outcome should be the gradual disappearance of differences among day types over blocks of trials.
Method
Twelve rats received 5 min of access to a 0.15% saccharin solution each day, followed 15 s later by 5 min of access to either 0.15% saccharin on 2 successive days or 32% sucrose on the next 2 successive days. This double-alternation procedure was counterbalanced in that half the animals had SA-SA days when the other half had SA-SU days. Rats receiving saccharin or sucrose as a second solution were interspersed on the cart. The experiment lasted 56 consecutive days.
Results and Discussion
The mean intake of the first saccharin solution is shown in Figure 3 by groups of four trials plotted separately by SA-SA and SA-SU days and ordered by sequential day number within each type: the 1st SA-SU day followed by the 2nd and the 1st SA-SA day followed by the 2nd. An ANOVA testing the effects of day type and trial group showed a significant effect of day type, F(3, 33) = 14.9; trial group, F(13, 143) = 22.9; and a Trial Group X Day Type interaction, F(39,429) = 1.89. Scheffe tests applied to day type confirmed the predictions of retrospective decremental carryover that the intake on the 1st SA-SU day should have been higher than on the 2nd SA-SU day, and the intake on the 1st SA-SA day (following 2 SA-SU days) should have been lower than on the 2nd SA-SA day. Joined open circles represent intake for 2 consecutive days when sucrose followed. Joined closed circles represent intake for 2 consecutive days when saccharin followed. Error bars have been omitted for simplicity; however, they are displayed for a large portion (57%) of the same data as represented in Figure 4 .
revealed that saccharin intake was lower on the 1st SA-SA day than the 2nd for the first four blocks, Fs(l, 11) = 17. 30, 8.48, 8.78 , and 41.10, although saccharin intake was significantly higher on the 1st SA-SU day than the 2nd SA-SU day only on the third block, F(l, 11) = 12.4. Figure 3 does not allow the accurate assessment of persistence effects of sucrose because, due to counterbalancing the order of day types, it does not show the actual sequence of 3 successive days necessary to test for these effects. A second complication for an assessment of persistence effects is the differences between the earlier and later portions of training, a difference that suggests control of ingestion by different processes. Figure 4 (top) examines the possibility of an accumulation of the effects of sucrose by averaging intake for each day type in sequences of 2 successive SA-SU days and the following SA-SA day. To deal with changes over time, the graph plots these data separately for the first four sequences of trials and the last four sequences of trials. Figure 4 (bottom) follows similar procedures in examining the possibility of a continuation effect, plotting average saccharin intake on each day type for sequences of 2 successive SA-SA days followed by an SA-SU day.
A simple carryover effect should be shown in Figure 4 (top) by a decrease in saccharin intake from the 1st SA-SU day to the 2nd; accumulation should be shown by a further decrease from the 2nd SA-SU day to the 1st SA-SA day. An ANOVA testing the effects of day type (three levels) for the first four sequences of trials revealed a significant daytype effect, F(2, 22) = 14.3. Scheffe tests showed a significant decrease from the 1st SA-SU day to the 2nd, but no further decrease from the 2nd SA-SU day to the 1st SA-SA day. As indicated by the figure, a similar ANOVA on the last four sequences of trials showed no day-type effect.
A 2-day continuation of carryover should be shown in Figure 4 (bottom) either by a failure to find an increase in saccharin intake from the 1st SA-SA day to the 2nd or by a significant increase from the 2nd SA-SA day to the 1st SA-SU day. An ANOVA testing the effects of day type for the first four sequences of trials revealed a significant daytype effect, F(2, 22) = 39.2. Scheffe tests showed a significant increase from the 1st SA-SA day to the 2nd, and a further small but significant increase from the 2nd SA-SA day to the 1st SA-SU day. The second increase indicated a small continuation that lasted 2 days. A similar ANOVA on the last four sequences of trials showed no day-type effect. In the case of both accumulation and continuation, an ANOVA comparing the first and last four sequences showed significantly greater drinking in the last four sequences, Fs(l, 11) = 68.7 and 61.2, respectively.
The possibility of decremental carryover affecting intake of the second saccharin solution on SA-SA days was also tested by comparing intake of the second solutions across all days. An ANOVA revealed the expected difference between intake of saccharin and sucrose as second solutions, F(3, 33) = 266.9. A subsequent Scheffe test showed no difference between intake of the second saccharin solution for the 1st and 2nd SA-SA days, indicating no local continuation of carryover to the second solution of the 1st SA-SA day following a SA-SU day. There was also no difference Figure 4 . The upper panel shows mean intake of the first 0.15% saccharin solution averaged over four sequences of the 1st and 2nd SA-SU days and the 1st SA-SA day (the days over which carryover effects can accumulate). Open triangles represent data from the first four sequences of the experiment. Closed triangles represent data from the last four sequences of the experiment. The lower panel shows mean intake of the first 0.15% saccharin solution averaged over four sequences of the 1st and 2nd SA-SA days and the 1st SA-SU day (the days over which carryover effects can continue). Open triangles represent data from the first four sequences of the experiment. Closed triangles represent data from the last four sequences of the experiment.
between intake of sucrose as a second solution on 1st or 2nd SA-SU days, again showing no carryover to the second solution. Subsequent analyses showed that carryover had no affect on intake of second solutions for either the first or last 16 trials. Also, intake of second solutions was comparable to that in Experiments 1 and 2. In short, the first half of Experiment 3 strongly supported the importance of memory-based decremental carryover in determining saccharin intake in a procedure intermixing uncued SA-SA and SA-SU days. There was a reduction in saccharin intake on any day type (SA-SA or SA-SU) that followed a preceding sucrose day. In addition, Experiment 3 showed that the effects of sucrose ingestion persisted for 2 days, though the effects did not appear to accumulate over 2 successive sucrose days. There was no indication of a prospective conditioning process differentially decreasing intake on SA-SU days or in changing intake of the second solution.
However, the second half of Experiment 3 did not show any differential saccharin intake as a function of day type, suggesting that decremental carryover either waned or was strongly meliorated in its effect by other processes. A likely candidate for generating such a marked change over trials is the gradual emergence of some form of prospective conditioning-either sequence learning or some kind of general partial reinforcement effect based on the intermittent pairing of saccharin presentation and context cues with sucrose on 50% of the trials. Sequence learning appears to be ruled out as the cause because the predicted difference between saccharin intake on SA-SA and SA-SU days was absent. On the other hand, because both intermittent reinforcement hypotheses predict nondifferential effects on saccharin intake, both are compatible with the absence of a difference among day types after the first 20-30 days. However, neither process can produce no difference in saccharin ingestion among day types if a strong differential process also contributed to responding; they can only act as a nonspecific amplifier or attenuator of saccharin ingestion. This implies that the expression of the differential decremental carryover process must have waned over trials.
It is worth noting that we could argue from the results that only the waning of the specificity of the decremental carryover process is required to explain the absence of a day-type effect. There is no need to assume the existence of any prospective conditioning effect. Indeed, the apparent absence of a decremental effect on intake of the second saccharin solution again argues there was no general decremental comparison process involved. However, there are two reasons to wonder about the sufficiency of a simple waning explanation. The first reason is the existence of modest support for a nonspecific excitatory conditioning process as suggested by the continued increase in saccharin intake over the last half of the experiment-an effect that can be firmly established only by comparison with a saccharin-only group. The second reason is the absence of strong support for the presence of persisting sucrose memories. It is not clear that the present demonstration of a 2-day continuation of the effects of sucrose ingestion and no apparent accumulation with successive sucrose exposure is sufficient to account for the marked waning.
Experiment 4
In addition to the basic decremental carryover phenomenon, Experiment 3 found two further effects: (a) The decremental effect of sucrose ingestion continued for at least 2 days in the absence of further exposures to sucrose, and (b) all differences in saccharin ingestion among SA-SA and SA-SU days disappeared within 20-30 trials. The disappearance of a day-type effect may be explained by the accumulation of interfering sucrose memories, but it is not clear that this explanation is sufficient given the data on persistence of sucrose effects in Experiment 3.
Experiment 4 further examined both the persistence of the decremental effects of sucrose ingestion and the disappearance of day-type effects using an unsignaled quadruplealternation procedure. This level of alternation provided a larger number of days over which to observe the possible accumulation and continuation of the decremental effects of sucrose ingestion. The quadruple-alternation procedure also helped determine whether the disappearance of day-type effects is replicable and related to simple trials of exposure or to some other aspect of the alternation procedure. For example, a strict retrospective memory view might predict a later waning of the day-type effect with quadruple alternation because there would be less opportunity for interference between saccharin and sucrose days because the sequences of each day type would be interrupted less frequently, allowing a more complete decay of any persisting procedures.
Method
Twelve rats received 5 min of access to a 0.15% saccharin solution each day followed 15 s later by 5 min of access to 0.15% saccharin on 4 successive days and to 32% sucrose on the next 4 successive days. This quadruple-alternation procedure was counterbalanced in that half the animals had SA-SA days when the other half had SA-SU days. Rats receiving saccharin or sucrose as a second solution were interspersed on the cart. The experiment lasted 56 consecutive days.
Results and Discussion
The mean intake of the first saccharin solution is shown in Figure 5 by groups of eight trials plotted separately by day type (SA-SU vs. SA-SA) and ordered by 4 sequential days within each type. The figure shows initial day-type effects compatible with a decremental carryover effect of sucrose ingestion. These latter effects disappeared over trials. An ANOVA showed significant main effects of type of day, F(7, 77) = 10.9, and trial group, F(6, 66) = 9.5. In addition, there was a significant Day Type X Trial Group interaction, F(42, 462) = 2.46. Scheffe tests applied to day type indicated significant carryover effects from the previous sucrose presentation on the 3rd and 4th SA-SU days and the 1st SA-SA day.
A test of accumulation of carryover effects was made by comparing intake of the first saccharin solution on sequences of 4 SA-SU days and the next (1st) SA-SA day. In the upper panel of Figure 6 , data are plotted separately for the first 2 and last 2 complete sequences in the study. An accumulation effect should have been shown by a decreasing function from the 1st SA-SU day to the 1st SA-SA day. An ANOVA comparing saccharin intake on the SA-SU days and on the 1st SA-SA day for the first two sequences revealed a main effect of day type, F(4, 44) = 16.4. Scheffe tests showed many significant differences among day types, with the 3rd SA-SU day being the only day that did not Joined open circles represent intake for 4 consecutive days when sucrose followed. Joined closed circles represent intake for 4 consecutive days when saccharin followed. Error bars have been omitted for simplicity; however, they are displayed for large portion (57%) of the same data as represented in Figure 6 . differ from at least 2 other days. An ANOVA examining saccharin intake for the last two sequences of the experiment revealed no significant differences across day types.
The pattern of continuation of carryover across sequences of 4 SA-SA days and the 1st SA-SU day for the first two and last two sequences of the experiment is shown in the lower panel of Figure 6 . Continuation should have been shown by an increasing function with the 1st SA-SA day as the lowest point. An ANOVA comparing saccharin intake over the first two sequences revealed an overall effect of day type, F(4, 44) = 22.40. Scheffe tests showed only significant differences between the first SA-SA day and all other days. A second ANOVA over the last two sequences of the experiment also revealed a main effect of day type, F(4, 44) = 3.03, but Scheffe tests revealed no significant differences among individual day types. For both accumulation and continuation effects, ANOVAs comparing the first and last two sequences showed greater intake on the last two sequences, Fs(l, 11) = 18.60 and 17.80, respectively.
As was the case for the first three experiments, there was no indication that day-type effects on intake of the initial saccharin solution also affected intake of the second saccharin solution on SA-SA days. An ANOVA comparing intake of the second solution across the 4 SA-SA days and the 4 SA-SU days revealed a significant effect of day type, F(7, 77) = 49.50. Scheffe tests showed that intake of saccharin following initial saccharin did not differ across the 4 SA-SA days nor did intake of sucrose across the 4 SA-SU days, but intake of saccharin on all SA-SA days was significantly less than intake of sucrose on all SA-SU days. Figure 6 . The upper panel shows mean intake of the first 0.15% saccharin solution averaged over two sequences of the 1st through 4th SA-SU days and the 1st SA-SA day (the days over which carryover effects can accumulate). Open triangles represent data from the first two sequences of the experiment. Closed triangles represent data from the last two sequences of the experiment. The lower panel shows mean intake of the first 0.15% saccharin solution averaged over two sequences of the 1st through 4th SA-SA days and the 1st SA-SU day (the days over which carryover effects can continue). Open triangles represent data from the first two sequences of the experiment. Closed triangles represent data from the last two sequences of the experiment.
The results of Experiment 4 supported those of Experiment 3 in showing significant carryover effects as a function of day type in the first 16 trials of the experiment and no effect of carryover in the last 16 trials of the experiment. However, the data on persistence of sucrose effects differed from those of Experiment 3 during the first 16 trials in two ways: Decremental carryover did not continue to the 2nd SA-SA day, but it did accumulate to the 3rd and 4th SA-SU days.
Finally, these results did not allow us to draw a firm conclusion about whether the decremental carryover effect disappeared between 20 and 30 trials because of interference among cumulating retrospective memories of sucrose alone or because of a combination of proactive interference and excitatory prospective conditioning related to the intermittent pairing of saccharin ingestion and the context with access to sucrose. We slightly favor the latter conclusion because the day-type effects waned no more slowly in Experiment 4 than in Experiment 3, which is not what would be expected from a simple retrospective interference argument. In addition, it is not clear how to interpret the failure to show continuation of decremental sucrose effects across multiple SA-SA trials.
General Discussion
Experiments 1 and 2 and the first 16 trials of Experiments 3 and 4 provided strong evidence for a retrospective decremental carryover effect of the previous day's sucrose consumption in decreasing intake of the first saccharin solution the next day. This decremental effect occurred whether SA-SU and SA-SA days alternated singly, doubly, quadrupally, or were randomly presented. Decremental carryover did not depend on repeated presentations of SA-SA or SA-SU days but emerged within 1 or 2 trials of the beginning of each experiment. However, this simple carryover effect had limitations: In no experiment was there evidence of a decremental carryover effect on the second saccharin solution of an SA-SA day, and in Experiments 3 and 4 all evidence of a decremental carryover effect disappeared somewhere between Days 20 and 30.
In addition to the specific decremental effect of the previous sucrose day, Experiment 1 also showed a general decrement in saccharin intake on both SA-SA and SA-SU days relative to that of a control group receiving only saccharin. This effect also appeared to emerge completely and rather early. Finally, in Experiments 3 and 4, the decremental effect of sucrose appeared to persist over days, though not always consistently or extensively. In Experiment 3, the decremental carryover effects of sucrose continued to a 2nd SA-SA day, but there appeared to be no accumulation of a decremental effect across successive days of sucrose ingestion. In contrast, in Experiment 4, the effects of sucrose did not continue differentially to a 2nd SA-SA day, but there was an apparent accumulation of the decremental effects of sucrose ingestion across multiple SA-SU days.
Theoretical Explanations
The most inclusive single explanation of these results appears to be a retrospective comparison process in which a current taste cue is evaluated in the context of a combination of the weighted memories of preceding taste cues. As a first approximation, we proposed a weighted-memory model in which the initial weighting of a particular solution and its rate of decline in time are assumed to be a function of its attractiveness. In this model, the value of the memory-based comparison stimulus at a particular point in time is deter-mined by the sum of the values of the memories of different past solutions weighted directly by their incentive value and inversely by their temporal distance (see Staddon, 1983 , for an example of a weighted-memory model applied to arm choice in a radial maze).
For example, at the point of ingesting the first saccharin solution of the day, the memories of both saccharin and sucrose solutions are at least a day old; thus, the weighting of the previous sucrose solution makes up most of the comparison stimulus, and devaluation and reduced intake of the saccharin solution should occur. In contrast, for the second saccharin solution of the day, the memory of a saccharin solution is less than a minute old, whereas the sucrose-solution memory is a day old; the weighting of the saccharin solution should make up the majority of the comparison stimulus, and no devaluation and reduced intake should occur.
Two other effects can be accounted for by this model: the general reduction in saccharin intake in the alternation group in Experiment 1 relative to the control group and the continued effect of sucrose on the 2nd day after its ingestion, as shown in Experiment 3. These effects both can be viewed as related to the persistence of the memory of sucrose ingestion for at least 2 days. When this memory was compared with the saccharin solution on SA-SU days in Experiment 1, there was still sufficient strength to devalue the saccharin and decrease its intake below that of a control group that never received saccharin. In Experiment 3, the memory of the sucrose solution still had enough strength to decrease the intake of saccharin on the 2nd SA-SA day relative to that on the subsequent SA-SU day. The weightedmemory model also has the advantage of generally allowing quicker, more complete changes in responding without the need for multiple conditioning trials.
However, several things are not clear about the weightedmemory model. First, it is unclear whether the model can account for the elimination of differential intake after 20 to 30 trials in Experiments 3 and 4. One could argue for the persistence of multiple memory traces from previous sucrose days to the point that they began to make up the majority of the comparison stimulus no matter what happened on the day immediately preceding the current day. However, this seems to argue for a clear continuation of sucrose effects over days without sucrose in the quadruplealternation procedure. The only clear persistence effect was in accumulation over several successive SA-SU days.
A weighted-memory model seems to argue that in the quadruple-alternation procedure the decremental carryover effects should have taken longer to be eliminated than in the double-alternation procedure because the strength of the sucrose cues should have been reduced considerably more every four trials through the presentation of 4 SA-SA days in a row. This tentative prediction was not supported. There is also an unresolved issue for the weighted-memory model, namely, whether the memories decay continuously with time, or whether there is a fundamental or additional circadian process involved in invoking the comparison memories (Gallistel, 1990; Mistleberger, 1994; White & Timberlake, in press ). In summary, though not ruled out as the sole determinant of day-type effects in uncued anticipatory contrast procedures, the weighted-memory model seems to require further development to deal adequately with all the results in these experiments.
As for the general satiation version of the retrospective approach, it also was able to account for the basic carryover effect shown here through a metabolically driven change in the incentive value of saccharin. However, it was not able to account for the absence of a reduction in intake of the second saccharin solution on SA-SA days, especially in the face of data suggesting persistence of sucrose effects over days. Either the second saccharin solution should have been reduced, or there should have been no carryover beyond the initial saccharin solution.
The absence in these experiments of an apparent differential prospective conditioning effect specific to SA-SU days is not surprising, given that we provided no simple external or taste cues and worked to eliminate residual predictive cues through counterbalancing of potential odor and auditory cues and the use of alternation and random presentation procedures. Perhaps the most striking data showing the absence of differential prospective conditioning were those in the random procedure of Experiment 2 in which drinking was reduced if, and only if, the preceding day was a sucrose day. Whether the current day was a SA-SA or a SA-SU day was irrelevant.
Several specific conditioning effects were still possible, though. We entertained the possibility that decremental carryover effects in Experiment 1 were due either to the use of retrospective cues in a prospective fashion (Capaldi & Spivey, 1964) or to the memorization and tracking of complex sequences of stimulus presentation such as double alternation (Capaldi, 1992 (Capaldi, , 1994 . The potential importance of using the memory of retrospective cues from the preceding day to prospectively predict the second solution on any given day was eliminated by the random procedure of Experiment 2 and by the use of double and quadruple alternation in Experiments 3 and 4. All experiments produced comparable decremental carryover effects. The potential contribution of memorizing a sequence was eliminated by the pattern of results in Experiment 1 (knowing the sequence should have produced maximum decrements on SA-SU days), the lack of an apparent effect on carryover of the random intermixing of SA-SA and SA-SU days in Experiment 2, and the failure of the predicted differences in responding among day types in Experiments 3 and 4.
However, even after essentially eliminating the possibility of a differential prospective conditioning explanation of our results, there remained the possibility of a general prospective conditioning process based on the pairing of saccharin presentation cues and the context with intermittent sucrose ingestion. Such a process would nondifferentially affect saccharin intake on all days. A comparison stimulus based on conditioned anticipation of sucrose was entertained as a possible explanation for the general reduction in intake of the first saccharin solution in the alternation group (relative to the saccharin-only control). It was ruled out on the grounds that such a process also should have produced a reduction in intake of the second saccharin solution on SA-SA days. The reduction and elimination of differential intake of saccharin over trials in the latter portion of Experiments 3 and 4 also was compatible with a general anticipatory conditioning process, but again there was the problem of no apparent reduction in intake of the second saccharin solution on SA-SA days.
To escape the problem of the absence of reduction in the second saccharin solution, we could argue there was a learned discrimination between the first and second saccharin solutions on the basis of a different internal state associated with the second solution. Such a discrimination could result in extinction of the conditioned elicitation of sucrose cues and, thus, prevent the accompanying reduction in intake of the second solution. However, this argument depends on a period of initial conditioning before the discrimination can occur. Thus, it predicts that there should be an initial decrease in intake of the second saccharin solution at the same time there is a decrease in the intake of the first saccharin solution, followed by a rise in intake as conditioned discrimination develops. Such an effect did not occur in these experiments.
The general prospective conditioning process that appeared most likely to contribute to the waning of the daytype effect in Experiments 3 and 4 was an excitatory one presumably conditioned by repeated but intermittent pairings of the context and the presentation of saccharin with access to sucrose. Excitatory conditioning effects were shown previously in the anticipatory contrast paradigm when tastes cues were placed in the initial saccharin solution as predictors of saccharin versus sucrose as the second solution (e.g., Lucas & Timberlake, 1992) . In these circumstances, rats regularly ingest more, rather than less, of the initial saccharin solution that predicts sucrose. Perhaps a similar effect occurs nondifferentially with sufficient trials in which saccharin predicts sucrose at a rate less than 100%.
Future Directions
What ramifications do these results have for the considerable data already obtained in the typical anticipatory contrast study using a relatively small number of trials (often less than 20)? First, our findings strongly support the potential contribution of retrospective effects. On the basis of these data, retrospective effects would be expected to appear earlier than prospective conditioning effects and dominate responding until conditioned anticipation of sucrose emerges. Because the majority of previous studies used a between-groups design, retrospective and prospective effects cannot readily be distinguished. They both predict a reduction in intake of saccharin in a SA-SU group relative to a SA-SA group.
Because both retrospective and prospective hypotheses predict the same outcome, it may seem tempting to argue that the retrospective carryover effect is the key to anticipatory contrast. As pointed out in the beginning of this article though, a retrospective explanation does not seem to account for the inverse relation between amount of decrement and the interval between the saccharin and sucrose solutions. For example, intake of saccharin was markedly reduced when the sucrose followed within 4 min, but scarcely affected when the sucrose followed within 32 min (Lucas et al., 1988) . A difference of 28 min in the weighting of the previous day's sucrose solution would not be expected to produce such a noticeable difference 24 hr later.
A second difficulty with a solely retrospective account is that rats receiving SA-SU pairings in one environment alternating with SA-SA pairings in a second environment take in less saccharin in the SA-SU environment (Flaherty & Rowan, 1985; Lucas & Timberlake, 1992) . Because SA-SU and SA-SA environments were strictly alternated, a SA-SU day was always preceded by a SA-SA day. Thus, there was no retrospective basis for devaluing the saccharin cues on SA-SU days unless the animal ignored the justpreceding day in favor of cues from its last day in the SA-SU environment. However, these remain issues that are worth exploring, especially considering that retrospective carryover effects may be related to anticipatory conditioning of food-search activity based on the anticipation of a circadian feeding time (Gallistel, 1990; Mistleberger, 1994; White & Timberlake, in press ). Circadian effects can show rather precise timing in the 24-hr range, perhaps precise enough to account for reported conditioned stimulusunconditioned stimulus interval effects.
It seems most likely, though, that both prospective and retrospective processes are involved in contrast paradigms. If so, a critical question not well answered in the present research is how they relate to each other. However, our data may help clarify the relation of results in the anticipatory contrast procedure and those in traditional successive contrast procedures, where retrospective carryover effects seem critical (e.g., Flaherty, Becker, & Pohorecky, 1985) . The data may also help make contact with general issues of prospective and retrospective memory (e.g., Zentall, Urcuioli, Jagielo, & Jackson-Smith, 1989 ) and behavioral contrast (e.g., Williams, 1983) . The anticipatory contrast procedure has several possible advantages, including that the animal makes a measurable anticipatory response without extensive training, the experimenter easily controls the relation between the stimuli to be remembered, and the stimuli and their transitions are isolated in single daily presentations.
At the least, data from the anticipatory contrast paradigm show that rats remember what happened previously and predict what may happen next, both weighted by importance and distance in time. The results also argue for a context-specific comparison effect of some sort (Flaherty & Rowan, 1985) , an excitatory conditioning effect (Capaldi & Sheffer, 1992; Flaherty, Coppotelli, Grigson, Mitchell, & Flaherty, 1995; Lucas & Timberlake, 1992) , regulation and economics of intake (Flaherty et al., 1991) , a significant excitatory effect of an instrumental requirement for saccharin licking (Flaherty & Grigson, 1988) , and possibly a role for specific circadian memories (Mistleberger, 1994) .
Finally, what appeared initially to be a simple prospective conditioning procedure producing devaluation of one incentive by anticipation of a second turned out to be neither simple nor necessarily prospective, but potentially a micro-cosm of the issues involved in feeding and foraging in a more complex environment. Therefore, it is potentially a paradigm in which some of the complexities of real-world regulatory behavior can be analyzed more carefully by manipulating the variety of learning and motivational processes involved.
Given the potential number of determinants present, relatively small changes in procedure may produce large shifts in which one of the several processes is dominant. Thus, it may be important that our laboratory typically gives animals 4 days of pretraining on saccharin alone, whereas Flaherty and his colleagues (see Flaherty, Grigson, Coppotelli, & Mitchell, in press) give sucrose from the very 1st day, or that Flaherty's and our laboratories use short exposures to the two solutions, whereas Capaldi and her associates give longer tests (Capaldi & Sheffer, 1992) . In particular, our use of 4 days of pretraining may be important in establishing the anticipation of saccharin so that the initial presentation of sucrose was more likely to be clearly discriminable and produce a carryover effect separated from the noise of acquisition. Finally, considering the number of outcomes and potential contributors to responding in the anticipatory negative contrast procedure, it may be best to give it a more neutral name-possibly the sequential ingestive incentive procedure, or SIIP.
